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(57)Abstract: 

PROBLEM TO BE SOLVED: To excellently cool a fuel cell stack, and make the 
whole compact in the thickness of a device by projecting a heat radiating fin to a 
side edge part of a separator main body having a gas passage which contacts 
electrodes arranged on both sides by sandwiching a solid high polymer 
electrolyte film and supplies gas. 

SOLUTION: A separator main body part 10 for a solid high polymer fuel cell is 
formed into a rectangular plate shape by a conductive material, and a 
groove-shaped gas passage 15 for hydrogen gas and oxygen gas is arranged in 
its both surface center part. Gas supply-discharge holes 13 and 14 for hydrogen 
gas and oxygen gas are respectively arranged in two places in diagonal line 
positions on the outer peripheral side, and the passage 15 is communicated with 



the hole 14. A heat radiating fin 11 plays a role to radiate heat of a separator 
main body part 10, and is formed by projecting from one side of an outer 
peripheral side edge part of the separator main body part 10, and the fin 11 is 
formed thinner than the separator main body part 10. A separator 1 is composed 
of a metallic material, and is large in heat conductivity, and the heat in the main 
body part 10 is quickly transmitted to the fin 11, and cooling is improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The separator for polymer electrolyte fuel cells characterized by 
protruding a radiation fin on the side edge section of the body section of a 
separator which has the gas passageway which supplies hydrogen gas or 
oxygen gas to this electrode in contact with the electrode arranged on both sides 
of the solid-state polyelectrolyte film at both sides. 
[Claim 2] The separator for polymer electrolyte fuel cells according to claim 1 
characterized by having formed the above-mentioned body section of a 
separator, and a radiation fin in one with the metallic material, and forming in the 
front face the corrosion prevention coat which has conductivity. 



[Claim 3] The separator for polymer electrolyte fuel cells according to claim 2 
characterized by the above-mentioned metallic material being aluminum. 
[Claim 4] The separator for polymer electrolyte fuel cells according to claim 2 or 
3 characterized by the above-mentioned corrosion prevention coat being 
titanium, titanium carbide, titanium nitride, or carbon film. 
[Claim 5] The separator for polymer electrolyte fuel cells of claim 1 characterized 
by joining and forming in both sides of the above-mentioned central layer the 
conductor-material sheet which has the blanking hole which is equivalent to the 
above-mentioned gas passageway in the surface section in which the central 
layer and radiation fin of the above-mentioned body section of a separator are 
formed in one with a metal plate, and the gas passageway of the 
above-mentioned body section of a separator is formed. 
[Claim 6] The separator for polymer electrolyte fuel cells according to claim 5 
characterized by the above-mentioned metal plate being an aluminum plate. 
[Claim 7] claim 1 thru/or claim 6 - the polymer electrolyte fuel cell stack 
characterized by coming to carry out two or more laminatings of the eel arranges 
the separator concerning either on the outside of the electrode arranged on both 
sides of the solid-state polyelectrolyte film at both sides, and it comes to carry 
out a laminating. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the separator for polymer 
electrolyte fuel cells, and the polymer electrolyte fuel cell stack which used this. 
[0002] 

[Description of the Prior Art] The separator for the conventional polymer 
electrolyte fuel cells is shown in drawing 5 , and the structure of the eel of the 
polymer electrolyte fuel cell stack constituted by using this conventional 
separator for drawing 6 is shown. It has the composition that the gas 
feeding-and-discarding holes 13 and 14 for the object for hydrogen gas and 
oxygen gas to the periphery were formed, respectively while the gas 
passagewaies 12 and 15 for [ that, as for a separator 1, the body is formed in 
plate-like with an electrical conducting material ] the object for hydrogen gas and 
oxygen gas to the double-sided center section of a body were formed, 
respectively, as the conventional polymer electrolyte fuel cell was shown in 
drawing 5 , and the refrigerant feeding-and-discarding hole 16 was formed 
further. And as shown in drawing 6 , the conventional polymer electrolyte fuel 



cell stack carry out two or more laminatings of this eel for what have arranged 
the hydrogen pole 3 and the oxygen pole 4 which be supported with the support 
charge collector 5 on both sides of the solid-state polyelectrolyte film 2, 
respectively, have arranged the above-mentioned separators 1 and 1 on those 
outsides, respectively, and carried out the laminating of these as a eel of one unit, 
and have the composition of having made the gas feeding and discarding holes 
13 and 14 open for free passage in the direction of a laminating, respectively. 
[0003] And if oxygen gas is made to flow from the supply side of the gas 
feeding-and-discarding hole 13 while making hydrogen gas flow from the supply 
side of the gas feeding-and-discarding hole 14 While the reaction which oxygen 
gas is supplied to the gas passageway 12 of the separator 1 which hydrogen gas 
is supplied to the gas passageway 15 of the separator 1 which touches the 
hydrogen pole 3, and touches the oxygen pole 4, and is shown by 
reaction-formula H2 ->2H++2e- in the hydrogen pole 3 side occurs In the oxygen 
pole 4 side, the reaction shown by reaction-formula 1/202+2H+2e->H20+ 
heat-of-reaction Q occurs, and the reaction shown by H2+1/202 ->H20 as total 
occurs. That is, it be what can acquire the big electromotive force in each whole 
fuel cell stack which electromotive force be generate per fuel cell eel, and the 
laminating of these fuel cell eel be carried out, and be connected to the serial 
based on the electrochemical reaction that hydrogen emit and protonate an 



electron, move to the oxygen pole 4 side through the solid-state macromolecule 
mold electrolyte layer 2, and react with oxygen in response to electronic supply 
on the hydrogen pole 3 on the oxygen pole 4. 
[0004] By the way, since the above-mentioned reaction is not reversible, in this 
fuel cell, the overvoltage eta which is a part for irreversible [ the ] exists. 
Moreover, since the internal resistance R of a cell exists, if Current I flows, the 
electrical-potential-difference loss of IR will arise. Consequently, only the part of 
the etal+l2R+ heat of reaction Q does not serve as power, but serves as heat 
energy, and will heat and carry out the temperature rise of the fuel cell stack. 
[0005] Generally, with the polymer electrolyte fuel cell, although it had the 
optimal operating temperature limit for performing a good generation of electrical 
energy, since generation of heat which accompanies a cell reaction to this was 
large, in order to stabilize a service condition, the cooling means needed to be 
established. Especially, in the polymer electrolyte fuel cell, since the solid-state 
polyelectrolyte film contained water, it needed to cool and operate at 100 
degrees C or less. Therefore, it enabled it to cool a fuel cell stack in the former 
by making the conductive cooling plate 6 which has the refrigerant passage 62 in 
all the fuel cell all [ a part or ] that constitutes a fuel cell stack intervene as a 
cooling means, and making the refrigerant passage 62 of the above-mentioned 
cooling plate 6, and the refrigerant feeding-and-discarding hole 66 open for free 



passage open for free passage in the refrigerant feeding-and-discarding hole 16 
and the direction of a laminating of a separator 1, and letting refrigerants, such 
as water, pass to this. 

[0006] However, it originated in the cooling plate 6 intervening in the direction of 
a laminating in this case, and only that part had become the factor in which the 
thickness of a fuel cell stack becomes large and bars miniaturization of the 
thickness direction. Moreover, the cooling plate 6 also became working as 
electric resistance, and had also become the factor which reduces the 
electromotive force as the whole fuel cell stack. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is made in view of an 
above-mentioned situation, the place made into the purpose can perform good 
cooling of a fuel cell stack, and it is in offering the separator for polymer 
electrolyte fuel cells which can miniaturize the thickness direction, and the 
polymer electrolyte fuel cell stack using this. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the separator for polymer electrolyte fuel cells concerning claim 1 of 
this invention is characterized by protruding a radiation fin on the side edge 
section of the body section of a separator which has the gas passageway which 



supplies hydrogen gas or oxygen gas to this electrode in contact with the 
electrode arranged on both sides of the solid-state polyelectrolyte film at both 
sides. 

[0009] The separator for polymer electrolyte fuel cells concerning claim 2 is 
characterized by having formed the above-mentioned body section of a 
separator, and a radiation fin in one with the metallic material, and forming in the 
front face the corrosion prevention coat which has conductivity in the separator 
for polymer electrolyte fuel cells concerning claim 1 . 
[0010] The separator for polymer electrolyte fuel cells concerning claim 3 is 
characterized by the above-mentioned metallic material being aluminum in the 
separator for polymer electrolyte fuel cells concerning claim 2. 
[0011] The separator for polymer electrolyte fuel cells concerning claim 4 is 
characterized by the above-mentioned corrosion prevention coat being titanium, 
titanium carbide, titanium nitride, or carbon film in the separator for polymer 
electrolyte fuel cells concerning claim 2 or claim 3. 
[0012] The separator for polymer electrolyte fuel cells concerning claim 5 is 
characterized by to join and form in both sides of the above-mentioned central 
layer the conductor-material sheet which has the blanking hole which is 
equivalent to the above-mentioned gas passageway in the surface section in 
which the central layer and radiation fin of the above-mentioned body section of 



a separator are formed in one with a metal plate, and the gas passageway of the 
above-mentioned body section of a separator is formed in the separator for 
polymer electrolyte fuel cells concerning claim 1. 
[0013] The separator for polymer electrolyte fuel cells concerning claim 6 is 
characterized by the above-mentioned metal plate being an aluminum plate in 
the separator for polymer electrolyte fuel cells concerning claim 5. 
[0014] the polymer electrolyte fuel cell stack concerning claim 7 - claim 1 thru/or 
claim 6 ~ it is characterized by coming to carry out two or more laminatings of 
the eel arranges the separator concerning either on the outside of the electrode 
arranged on both sides of the solid-state polyelectrolyte film at both sides, and it 
comes to carry out a laminating. 

[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained based on a drawing. 

[0016] Drawing 1 is the perspective view showing the separator for polymer 
electrolyte fuel cells concerning the operation gestalt of this invention. Moreover, 
drawing 4 is the decomposition perspective view showing the structure of the eel 
of the polymer electrolyte fuel cell stack constituted using the separator 
concerning an operation gestalt same as the above. The separator 1 for polymer 
electrolyte fuel cells concerning this operation gestalt has composition which 



protruded the radiation fin 11 on the side edge section of the body section 10 of 
a separator. 
[0017] While the body section 10 of a separator is formed in rectangle plate-like 
with an electrical conducting material and the groove gas passagewaies 12 and 
15 for the object for hydrogen gas and oxygen gas are formed in the 
double-sided center section, respectively, the object for hydrogen gas and two 
gas feeding-and-discarding holes 13 and 14 for oxygen gas are formed at a time 
in the diagonal line location by the side of the periphery, respectively. A gas 
passageway 12 is open for free passage with the gas feeding-and-discarding 
hole 13, and is opening the gas passageway 14 for free passage with the gas 
feeding-and-discarding hole 15. in addition, in this invention, especially the size 
of the body section 10 of a separator is not limited, can carry out a design 
change according to the purpose, and can also change the flat-surface 
configuration into versatility according to the purpose. 
[0018] The above-mentioned radiation fin 11 plays the role which radiates heat 
in the heat of the body section 10 of a separator, and is projected and formed 
with this operation gestalt from one side of the periphery side edge section of the 
body section 10 of a separator. Moreover, the radiation fin 11 is formed more 
thinly than the thickness of the body section 10 of a separator. 
[0019] In addition, in this invention, a design change is free for especially the 



size of a radiation fin 1 1 so that the desired heat dissipation effectiveness can be 
acquired according to heat exchange effectiveness with the heat exchange 
medium by which it is not limited, and this radiation fin 11 contacts and radiates 
heat etc. What is necessary is just to make size of a radiation fin 11 into about 
100mmx50mm, when an example is shown, for example the size of the body 
section 10 of a separator is 100mmx100mm. 
[0020] Moreover, as there is especially no limitation, for example, it is shown in 
drawing 2 , even if the location where a radiation fin 11 protrudes on the body 
section 10 of a separator also protrudes on two sides of the periphery side edge 
section of the body section 10 of a separator, it may protrude on the periphery 
marginal perimeter. If the protrusion location from the body section 10 of a 
separator is increased, it is effective at the point which increases fin surface area 
and raises heat exchange effectiveness. It is advantageous also to inclining and 
carrying out heat dissipation from the body section 10 of a separator to 
homogeneity that there is nothing. 

[0021] As for the separator 1 concerning this operation gestalt, the corrosion 
prevention coat with which the body section 10 of a separator and a radiation fin 
1 1 are formed in one with aluminum etc., and have conductivity in the front face 
is formed. By forming with a metallic material, compared with the case where it 
forms using carbon etc., thermal conductivity becomes large, heat transfer of the 



heat of the body section 10 of a separator is carried out promptly to a radiation 
fin 11, and a separator 1 becomes that whose cooling operation improved. 
Especially aluminum is lightweight, and since it is excellent also in workability 
and excels carbon material in reinforcement further, it is advantageous to being 
able to make thickness of a separator 1 thin as a whole, and miniaturizing the 
thickness direction. In addition, since aluminum is inferior to weatherability 
compared with carbon material, it is carrying out the coat of the separator 1 front 
face with the corrosion prevention coat by the semantics with which this is 
compensated. It is required to excel in corrosion resistance, and to have 
conductivity as this corrosion prevention coat, and to form, for example, titanium, 
titanium carbide, titanium nitride, or the carbon film is illustrated. Moreover, as 
the formation approach, it can carry out, for example by the sputtering method, 
the heat CVD method, the plasma-CVD method, the ion plating method, etc. 
[0022] With the separator 1 concerning this operation gestalt, the gas 
passagewaies 12 and 15 formed in the surface section of body section of 
separator 10 both sides at the groove are formed in the shape of a field, in order 
to enlarge the gas touch area to an electrode. The technique of carrying out slot 
formation is mentioned by machining the smooth side of the part which is 
equivalent to the body section 10 of a separator in a plate-like start ingredient as 
the formation approach of gas passagewaies 12 and 15 using a sedentary 



reeling ****** machine etc. However, this technique has bad productive efficiency, 
in order that processing may take time and effort, and it is low. [ of 
mass-production nature ] On the other hand, by being formed of the **** member 
configuration which shows a separator 1 to drawing 3 , the productive efficiency 
is improved and mass-production nature can be raised. 
[0023] That is, the separator 1 shown in drawing 3 has composition which joined 
the conductor-material sheets 1c and 1b with which the surface section by the 
side of both sides in which the central layer and radiation fin 11 of the body 
section 10 of a separator are formed in one of metal plate of one sheet 1a, and 
the gas passagewaies 12 and 15 of the body section 10 of a separator are 
formed has the blanking holes 12c and 15b equivalent to gas passagewaies 12 
and 15 to both sides of the above-mentioned central layer, respectively, and was 
formed. If it explains in detail, metal plate 1a will open Holes 13a and 14a in the 
part equivalent to the gas feeding-and-discarding holes 13 and 14 of the body 
section 1 0 of a separator, and, on the other hand, the conductor-material sheets 
1c and 1b will form beforehand the blanking holes 12c and 15b which are 
equivalent to gas passagewaies 12 and 15, respectively, the hole (13b, 14b) 
equivalent to the gas feeding-and-discarding holes 13 and 14, and (13c, 14c). 
And a separator 1 is formed by joining the conductor-material sheets 1c and 1b 
to the both sides of metal plate 1a, respectively. Thus, since gas passagewaies 



12 and 15 can be easily formed by piercing and processing the comparatively 
thin conductor-material sheets 1c and 1b, productivity improves. Here, if a 
lightweight aluminum plate is used as metal plate la, it is desirable and a carbon 
sheet besides an aluminum plate can also be used as conductor-material sheet 
1c. 

[0024] Next, the polymer electrolyte fuel cell stack shown in drawing 4 is 
explained. This thing is what is produced using the separator 1 mentioned above. 
The hydrogen pole 3 and the oxygen pole 4 which were supported with the 
support charge collector 5 on both sides of the solid-state polyelectrolyte film 2, 
respectively are arranged. Carry out two or more laminatings of this eel for what 
has arranged separators 1 and 1 on those outsides, respectively, and carried out 
the laminating of these as a eel of one unit, the gas feeding-and-discarding holes 

13 and 14 are made to open for free passage in the direction of a laminating, 
respectively, and it is formed. 
[0025] As solid-state polyelectrolyte film 2, what has substituents, such as a 
sulfonic acid group, as an electrolyte is used. Moreover, the layer which 
supported and formed the platinum catalyst etc. with the support charge 
collector 5 as the oxygen pole 4 and a hydrogen pole 3 so that it might have gas 
permeability is illustrated. 
[0026] If this fuel cell stack makes oxygen gas flow from the supply side of the 



gas feeding-and-discarding hole 13 while making hydrogen gas flow from the 
supply side of the gas feeding-and-discarding hole 14 Oxygen gas is supplied to 
the gas passageway 12 of the separator 1 which hydrogen gas is supplied to the 
gas passageway 15 of the separator 1 which touches the hydrogen pole 3, and 
touches the oxygen pole 4. At this time Hydrogen emits and protonates an 
electron on the hydrogen pole 3, and it moves to the oxygen pole 4 side through 
the solid-state macromolecule mold electrolyte layer 2. Based on the 
electrochemical reaction of reacting with oxygen in response to electronic supply 
on the oxygen pole 4, big electromotive force is acquired by each whole fuel cell 
stack which electromotive force is generated per fuel cell eel, and the laminating 
of these fuel cell eel was carried out, and connected with the serial. 
[0027] As hydrogen gas supplied at this time, although supplied by the hydrogen 
independent, the reformed gas containing the hydrogen which reformed the 
methanol and the commercial butane with the fuel reforming vessel, and was 
generated is usually used, moreover -- as oxygen gas - oxygen - although it 
may be independent, air is usually used. 

[0028] Since the separator 1 equipped with the radiation fin 11 is used for it 
although this fuel cell stack produces generation of heat while producing 
electromotive force if it operates as mentioned above, this heat is cooled to the 
temperature region in which operation which radiated heat from propagation and 



this radiation fin 11 to the radiation fin 11 through the body 10 of a separator at 
heat exchange media, such as air, consequently was stabilized is possible. 
Therefore, it becomes possible to exclude conventionally the cooling plate which 
was made to intervene in a fuel cell stack and was used, and the part and 
thickness can be made small. Moreover, since it becomes possible to exclude a 
cooling plate, the equipment which supplies a refrigerant becomes unnecessary 
and the miniaturization of it is attained as the whole fuel cell. 
[0029] 

[Effect of the Invention] Since heat can be radiated out of a system from a 
radiation fin through the body section of a separator in the heat produced at the 
time of fuel cell operation according to the separator for polymer electrolyte fuel 
cells concerning this invention as explained above, it becomes possible to 
exclude conventionally the cooling plate which was required for cooling. 
Consequently, the fuel cell stack using this separator can make the thickness 
small while being able to cool generation of heat at the time of operation. 
Moreover, conventionally, the equipment which supplies a refrigerant to a 
cooling plate becomes unnecessary, and the miniaturization of it is attained as 
the whole fuel cell. 

[0030] In the separator for polymer electrolyte fuel cells concerning this invention, 
if the above-mentioned body section of a separator and a radiation fin should be 



formed in one with the metallic material and the corrosion prevention coat which 
has conductivity should be formed in the front face, while the thermal 
conductivity of a separator will become large and the heat dissipation 
effectiveness will improve, corrosion resistance is also maintained good with a 
corrosion prevention coat. In this case, the above-mentioned metallic material is 
effective in lightweight-izing in it being aluminum, and desirable. 
[0031] Moreover, when this separator joins and forms in both sides of the 
above-mentioned central layer the conductor-material sheet which has the 
blanking hole which is equivalent to the above-mentioned gas passageway in 
the surface section in which the central layer and radiation fin of the 
above-mentioned body section of a separator are formed in one with a metal 
plate, and the gas passageway of the above-mentioned body section of a 
separator is formed, the time and effort which forms the above-mentioned gas 
passageway is not taken, consequently reduction of a manufacturing cost can 
be aimed at. [0032] Since the polymer electrolyte fuel cell stack concerning this 
invention is what is constituted using the separator concerning this invention, 
even if it does not make a cooling plate intervene, it can perform cooling of the 
heat generated at the time of operation with the radiation fin in which it was 
prepared by the above-mentioned separator. Therefore, it is miniaturizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the separator for polymer 
electrolyte fuel cells concerning the operation gestalt of this invention. 
[Drawing 2] It is the perspective view showing other modes of the separator for 
polymer electrolyte fuel cells concerning this invention. 
[Drawing 3] It is the perspective view showing the mode of further others of the 
separator for polymer electrolyte fuel cells concerning this invention. 
[Drawing 4] It is the decomposition perspective view showing the structure of the 
eel of the polymer electrolyte fuel cell stack constituted using the separator for 
polymer electrolyte fuel cells concerning the operation gestalt of this invention. 
[Drawing 5] It is the perspective view showing the conventional separator for 
polymer electrolyte fuel cells. 

[Drawing 6] It is the decomposition perspective view showing the structure of the 
eel of the polymer electrolyte fuel cell stack constituted using the conventional 
separator for polymer electrolyte fuel cells. 

[Description of Notations] 

1 Separator for Polymer Electrolyte Fuel Cells 



2 Solid-state Polyelectrolyte Film 

3 Hydrogen Pole 

4 Oxygen Pole 

10 Body Section of Separator 

1 1 Radiation Fin 

12 15 Gas passageway 
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0 4 M±^Mff^fc^§^^lx-^r^fl!^T«i^5 

ttmmm~e&%o timsmmcm s#is?i«fi 

[0017] ^^-*#{*gfSi oa, 5 

ffM? ©Mffi* #x 
mBammxxmxzi&fflLi 3, 1 4#w?n2 

*BffoRW:&tiTV^*o tfXSKK 1 2 H^XlWL 1 
3 fcjiilU tfXMSSg 1 4 &#7.,1WL 1 5 ijlfflLT 
^3 0 *58BJfc^VTtt> -fetf 10 

[0018] ±!3$^7 >f y 1 l li-te^ 1 

0 <Dm*im?%mi*mrc?t><D-e, mmm&mxiz 
■ha ]s-**mi> i ooinmmm 1 6 lt 

#:g|51 0©ff^<tDfe«<ffM?nTt/^ o 
[0 0 19] *»cfe^tM7^Vl l©-9- 

^10 0mmx l-0 0mm?*81&, l!Mft7^> 

1 1 cD-t-YXa 1 0 0 mm X 5 0 mmSfti: tn^<fc 
1\ 

[0 0 2 0] Sfc, Ki^-i- Vl 1^-fe^W^*^ 
jSt*WJ!&"e36So -fe^l^-^*#:gPl 0*^©Saft*fi 

[0021] mmm&fcfazw'-* hau 

^RS±MI^ffM^nT^§ 0 1?A1/-^ 1 tt^JS^« 
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k:W#Ji?&3o 7;l/5— ^^^Jt^ 
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8W)&*R 1 a 5 -fttM^n, -te/< 
SP1 'OCDtfXffiRl 2, 1 5^ffM£ft5fflMIJ©S/I 
2, 1 5fc«a-r«JTS*3Ll.-2 g, 

1 5 b^t^mmmy-h u, i b*wett± 

gp 1 0 ©^Jt&SHFL 13, 14 tfflMfrsSBffilcTL 1 3 
a , 14a JfcHWT*^ iftlffli^- M c , 

1 bt±, ^ti^n^TM^l 2, 1 5{cffiSfS?Tffi^ 
M2c,.15bt, U7tem> 1 3 , 1 4 fcffiS^* 
?L ( 1 3 b , 1 4 b ) , ( 1 3 e , 1 4 c ) ^tf^Jjg 
LT$5<o ^LT, &JS$1 aQMMtltfrM^-h 
1 c, 1 bttttl^nm'&tZZ.tlckV, -fertW* 

h i c, i b*n%&zh\\ t?2><it\cj:t)mmctf-A 

gftSS 1 2, 15«T'?5 C tfrfc, £mtttf|Rl±t 

^%WxL< . »{*«f4->- b 1 c i:LTtt7;V5S 

[0 0 2 4] 04^f@#S^MffiSS! I f!l7. 
^fc-pV^Tl^Ei-rSc CCDfcCDkt, ±$L/c4r^y 

2 ©ffiUBI t ^n^nsaf 5 T*38$ L 7c 

ymm 3 atffl^s 4 mm u -?-n & ©waik *n ^ 
n*rtu-zi, i*E«vrcn6*awLfefeo'* 

Hi 3, 1 4**n*niMrefafc3fflStfTj&j«sn 
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[0 0 2 6] Wfflnm%*v*ti, 7kM-ffx*ftx%i 

mi i .4 ow^a^a^s** 1 t t>'t^*x*«r 

**&S#L 1 3 ©«*^Ifr 5i!ftA£/£S *|R« 3 Km 
fZ-tAU-i? 1 ©#X8fE8&.l 5 lC7k% ft 
ft> flo^fi4 fcgl-S-b/^ W^ l ©^fXMK 1 2 
fcll^ff«?nt, 7j<^S3^T7j<^ 

2 *i!o T&^fi:4ffl![fc#i&U 4 fcTWP©# 

T«j^*?i&*;V*filTiB***5S^-r « <V X\ c n 
5»««M-lr;b^»«^ti*?fJ^SM^nfc«^«mx 

[0027] <:©i;^«^$ns7i<«^x^bTa, 7j< 
swfi^«^n§fe©T-fe*^ft^*\ 

[0 0 2 8] ^jiP«?fiX#^#tt, ±l3©«fc5.te3»fg 
f V 1 ^ffl^T^S©^ CCD 

j»tt-b^u-^*f*:i o*ftKrijmyjy 1 1 tet) 
ssL^jifK^Ritiftfaa^s-c 5 ^ 
^ ■e-cffl ^r^/c^«*# < c t mm t ft 5 *. ©t? 
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[00 3 0] *^t«§@f*S^S«fi*mffl-b^ 
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